i
246
NOTE ON THE  FKEE  VIBRATIONS  OF  AN
[155
The frequency equation is that expressing the evanescence of the determinant of this triad of equations.
We will consider for a moment the simple case which arises when //, = 0, that is, when the displacements are independent of z. The three equations
reduce to
(s2 — k*}U=Q   ..........................(13)
'-#] V+2(M+l)sW=0,...............(14)
l)sV+{2(M+ !)-&} F = 0;    ............(15)
and they maybe satisfied in two ways.    First let V= W = 0; then ?7may
be finite, provided
s*-k*=0..................................(16)
The corresponding type for U is
U = cos S(f) co&pt,   ...........................(17)
where                                       Pa=—„,.......................................(18)
r      pa2                                                       ^   '
a being restored, as can be done at any moment by consideration of dimensions. In this motion the material is sheared without extension, every generating line of the cylinder moving along its own length. The frequency depends upon the circumferential wave-length, and not upon the curvature of the cylinder.
The second kind of vibrations are those in which U — 0, so that the motion is strictly in two dimensions. The elimination of the ratio Vj W from (14), (15) gives
#»{#- 2(M+l)(l +52)} = 0, .....................(19)
as the frequency equation. The first root is &2 = 0, indicating infinitely slow motion. These are the flexural vibrations already referred to, and the corresponding relation between V and W is by (14)
sF+ F = 0,..........................   (20)
giving by (4), (5), (6),
CTx = 0%, = •nr = 0.
The other root of (19) gives, on restoration of a,
&a?=—~ (1 + s2), ...........................(21)
<m + n             '                                            ^    '
4>mn  1 -1- s2                                                __
or                                                      ^>2=---------——;   ...........................(22)
•^     m + n   a?p                                       ^    '
while the relation between V and W is
- V + sW =0...............................(23)
It will be observed that when s is very large, the flexural vibrations tend to become exclusively normal, and the extensional vibrations to becomesame rays ?
